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SUMMARY

This study was conducted to evaluate the sensory irritation potential of JP-4 (MRD-00-629),
JP-8 (MRD-00-630), and JP-8 100 (MRD-00-631) in mice during inhalation exposure.

The test substances were administered head only for 30 minutes to groups of four male
Swiss-Webster mice as either vapor-only (JP-4) or combined vapor/aerosol atmospheres
(JP-8+100 and JP-8). Group mean exposure concentrations ranged from 685 - 11430 mg/m’
(JP-4), 681 - 3613 mg/m’ (JP-8), and 777 - 2356 mg/m’ (JP-8+100). Analytical sampling
data demonstrated clear differences in the distribution and relative proportions of individual
hydrocarbon species contained in the aerosol and vapor phases, with the lighter molecular
weight hydrocarbons more abundant in the vapor samples. The on-line vapor and aerosol
monitors demonstrated that the test atmospheres for all groups were stable throughout the
exposure periods.

The three test substances evoked breathing patterns characteristic of upper airway sensory
irritation at all exposure levels. Within the context and limits of this study, examination of
the breathing patterns revealed no apparent pulmonary (deep lung) irritation or narcosis at
any level for all three substances.

Each substance was tested over a range of air concentrations that resulted in minimal to
extreme respiratory rate decreases (>50% decrease). This allowed calculation of an RDsp
value for each test substance. The RDsq values were:

JP-4 - 4842 mg/m3, with 95% confidence limits of 2375 to 9873.
JP-8 - 2876 mg/m’, with 95% confidence limits of 2107 to 3925.
JP-8+100 - 1629 mg/m3, with 95% confidence limits of 1418 to 1871

Based on these results, the relative irritancy ranking of the three test substances could be
described as: JP-8+100 > JP-8 > JP-4.
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INTRODUCTION

This study was conducted in order to evaluate the sensory irritation potential in the mouse of »
JP-4 (MRD-00-629), JP-8 (MRD-00-630) and JP-8+100 (MRD-00-631).

Alarie (1966) proposed that a correlation exists between chemicals causing a decrease in
respiratory rate in male Swiss-Webster-mice and sensory irritant properties in humans. .
Measurement of the reflex decrease in respiratory rate that occurs with stimulation of
trigeminal nerve endings in the nasal mucosa of mice therefore may be used as screening
tool to predict acceptable exposure concentrations or to help establish threshold limit
values, short-term exposure limits, etc. The RD50, defined as the concentration
associated with a 50% decrease in respiratory rate, is often used as a benchmark to
evaluate airborne chemicals or mixtures of chemicals for sensory irritant effects.

The study was conducted by ExxonMobil Biomedical Sciences, Inc. (EMBSI), Laboratory
Operations, Mammalian Toxicology Laboratory, 1545 Route 22 East, P.O. Box 971,
Annandale, New Jersey 08801-0971 which is accredited by the Association for the
Assessment and Accreditation of Laboratory Animal Care (AAALAC International). The
analytical portion of the study was conducted by the EMBSI Industrial Hygiene Analytical
Service Laboratory (IHASL), which is accredited by the American Industrial Hygiene

Association.

Study Initiation (Protocol Signature Date)
November 9, 2000

Experimental Sta‘rting and Completion Date

November 29, 2000 and May 8, 2001

Justification for Selection of Test System

Swiss-Webster mice are the strain and species of choice for sensory irritation
studies (ASTM E981-84, 1996).

Justification of Dosing Route

Potential human exposure may be by the inhalation route.

Page 8 of 64
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Compliance
This study was conducted in compliance with the following standards:

OECD, Organization for Economic Cooperation and Development, Principles of
Good Laboratory Practice, C(97) 186/Final, 1997.

Unites States Environmental Protection Agency, 40 CFR Part 792, Toxic :
Substances Control Act (TSCA), Good Laboratory Practice Standards (GLP’s),
Final Rule 1989.

This study was conducted in general agreement with the following guidelines and
standards:

Standard Test Method for Estimating Sensory Irritation of Airborne Chemicals.
American Society for Testing and Materials. Designation: E981-84
(Reapproved 1996).

Animal Welfare Act of 1966 (P.L. 89-544), as amended in 1970, 1976, and
1985. Code of Federal Regulations, Title 9 [Animals and Animal Products],
Subchapter A - Animal Welfare Parts 1, 2, and 3.

Guide for the Care and Use of Laboratory Animals, Institute of Laboratory

Animal Resources, Commission on Life Sciences, National Research Council,
National Academy Press, Washington, D.C., 1996.
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MATERIALS AND METHODS
TEST SUBSTANCE
Substance Identification
EMBSI Identification: Sponsor Identification:
MRD-00-629 P-4
MRD-00-630 JP-8
MRD-00-631 JP-8+100
Supplier: Mantech Environmental Tech Inc.

WPAB Area B Bldg. 79 Rm. 154
Dayton, OH 45433

Date Received: July 19, 2000
Expiration Date: July 2005
Description: Pale yellow liquids
Storage Condition: Room temperature

Each test substance, as received, was considered the "pure” substance.

Characterization of Test Substance
Samples of the test atmosphere at each exposure level were analyzed by gas
chromatography. The concentrations of selected individual components were
reported. Samples of each neat (liquid) test substance also were analyzed by gas
chromatography for reference and comparison to the air samples.

Analysis of Mixtures
Not applicable to this study.

Solubility
Not applicable to this study.

Sample Retention

Archival samples of the test substances were not retained for this study.

Carrier

Air
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MATERIALS AND METHODS
TEST SYSTEM
Test Animal
Species: Mouse
Strain/stock: Swiss-Webster
Supplier: Charles River Laboratories, Inc.
Portage, MI

Animal Receipt Information

Receipt Date: Order Number:
7 November 2000 20070958
5 December 2000 20076820
2 January 2001 20100021
7 March 2001 20114956
24 April 2001 20126876

Quarantine and Acclimation Period
At least 7 days; animals were examined for viability at least once daily.
Number and Sex/Group
4 males |
Age at Initiation of Dosing
5 - 10 weeks
Weight at Initiation of Dosing
24 - 30 grams
Animal Identification

Tail tattoo and corresponding cage identification.
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Selection

More animals than required for the conduct of the study were purchased and
acclimated. Animals determined to be unsuitable for inclusion in the study because "
“of poor health, outlying body weight, or other abnormalities were excluded from
selection by the attending veterinarian, Study Director and/or the technical staff. .
Animals were allocated to study groups immediately prior to exposure on the basis
" of general health and body weight requirements.

Housing
Room: PE112 .
Housing: Single housed during the study period.
Caging: Suspended stainless steel and wire mesh with absorbent
paper below cages.
Feed

PMI Certified Rodent Diet Checkers 5002

Manufacturer: PMI Feeds, Richmond, Indiana

Analysis: Performed by PMI Feeds. Copies of the feed analyses are
maintained at the EMBSI Laboratory.

Contaminants: There were no known contaminants in the feed believed to
have been present at levels that may have interfered with this
study.

The availability of feed was checked at least once daily for all animals.

Water
Automatic Watering System, ad libitum

Supplier: ExxonMobil Research and Engineering, Potable Water
System.

Analysis: Periodic analysis is the responsibility of EMBSI. A copy of .
the results is maintained at EMBSIL.

Contaminants: There were no known contaminants in the water believed to
have been present at levels that may have interfered with this

study.

The availability of water was checked at least once daily for all animals.
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Environmental Conditions

Temperature: 64 to 72 degrees Fahrenheit

Humidity: 30 to 70 percent relative humidity
Lighting: Approximately 12 hours light (0600 to 1800) and 12 hours

dark (1800 to 0600) by automatic timer.

Monitored at least once daily. Additionally, a non-validated computerized system
monitored the temperature, humidity, and lighting continuously for alarm purposes.

EXPERIMENTAL DESIGN

Preparation of Test Substance

The test substance was administered as received.

Experimental Groups
Test Mean Analytical Number of
Substance Concentration (mg/m3) Animals
JP -4 (MRD-00-629) 11430 + 66 4
JP -4 (MRD-00-629) 1888 + 55 4
JP -4 (MRD-00-629) 956 +59 4
JP -4 (MRD-00-629) 685 + 56 4
JP -8 (MRD-00-630) 3565 + 129 4
JP -8 (MRD-00-630) 1837 + 68 4
JP-8 (MRD-00-630) 1090 + 22 4
JP-8 (MRD-00-630) -~ 681 +40 4
JP -8 (MRD-00-630) 708 +33 4
JP-8+100 (MRD-00-631) 2356 + 10 4
JP -8+ 100 (MRD-00-631) 1519 +39 4
JP-8+100 (MRD-00-631) 777 +26 4

Note: Two additional groups were exposed but not presented in the main study data due to missing or
inconsistent analytical samples. The results of these additional exposures are presented in Appendix B.
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Administration of Test Substance

Figures 1-2 present schematic drawings of the test atmosphere generation and
exposure systems. .

Each test substance was administered as either an aerosol, vapor or mixed
atmosphere in air.

Vapor test atmospheres were generated by using a syringe pump to deliver the test
substance to the inside surface of a heated glass "counter current” generator. The
vapor generator was a cylindrical glass tube impressed with a spiral indentation that
served as a channel for the liquid test substance. The spiral indentation was heated
with heating tape to a constant temperature (dependent on the target concentration),
and continuously monitored by a thermocouple probe and digital thermometer. The
test substance volatilized as it flowed down the heated generator. The resulting
vapors were drawn into the exposure chamber with the supply air moving
countercurrent to the liquid flow.

Alternatively, test atmospheres were generated as a liquid droplet aerosol using a
Collison nebulizer. The nebulizer’s reservoir was filled with the test substance to a
level just below the top of the liquid feed tube. Compressed air was supplied to the
nebulizer, metered by a rotameter at a rate sufficient to aerosolize the test substance.
The resultant liquid aerosol atmosphere mixed with additional room air that was
drawn through the reservoir and expelled into the chamber.

Concentration Determinations

Exposure concentrations were determined on both a nominal and analytical basis.
The nominal concentration was calculated by dividing the net weight of the test
substance used during the exposure by the total volume of air passing through the
chamber.

Analytical chamber concentrations were determined three times during each .
exposure by drawing a known volume of chamber air, metered by a critical orifice,

through a sampling train consisting of a 25 mm glass fiber filter for analysis of non-

volatile aerosol followed by a charcoal sorbent tube for total volatile hydrocarbons -
(vapor). After sampling, the sorbent tubes were capped and the filter samples were

placed in sealed glass vials containing approximately 10 ml carbon disulfide. The

sorbent tubes and filters were then submitted to the Industrial Hygiene Analytical

Service Laboratory (IHASL) for subsequent analysis.

Both sample types (aerosol and vapor) were analyzed by gas chromatography/FID
and each reported as total hydrocarbon concentration (THC). Additionally, one
sample set (filter and sorbent tube) from each exposure was analyzed for a standard

Page 14 of 64
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list of representative hydrocarbons in order to evaluate and compare the distribution
of individual components within the aerosol and vapor phases.

The analytical exposure concentrations (THC) were calculated both separately and
as the sum of the aerosol and vapor phase concentrations. One sample of each neat
test substance also was analyzed for reference and comparison to the chamber
samples.

An on-line infrared vapor monitor (MIRAN 1A) was used during each exposure |
(when practical due to the amount of aerosol present) to monitor the relative levels
and stability of the vapor phase of the chamber atmosphere.

An on-line photometric particle monitor (Sibata Model P5) also was used during
each exposure to monitor the relative levels and stability of the aerosol present in the
chamber atmospheres.

Particle Size Analysis

A particle size determination of the aerosol portion of the test atmosphere was
conducted once for each test substance, during a representative animal exposure,
using a Sierra Instruments Model 210 Cascade Impactor. Preweighed glass fiber
filters were used to collect the aerosol on each stage. A bulk estimation technique
was employed to characterize the particle size distribution of the test atmosphere.
The change in weight of the filter for each stage was measured and the cumulative
percent of the sample collected on each stage was calculated. This information plus
the stage constants (size cutoff diameters in microns) for the impactor were used,
with the aid of a computer, to calculate the 15.9%, 50.0%, and 84.1% particle sizes
(equivalent aerodynamic diameter), the geometric standard deviation, and the
estimated percent of the aerosol less than or equal to 1, 10, and 15 microns in size.

Additionally, the filters from the three stages closest to the 15.9%, 50.0%, and

84.1% particle sizes (equivalent aecrodynamic diameter) were analyzed by gas
chromotography/FID for individual hydrocarbon concentrations.
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Animal Exposure Procedures

The chamber used for the exposures was all glass and had a total volume of .
approximately 4.0 liters. It operated under slight negative pressure to the room at
approximately 30.0 liters per minute airflow, regulated by a calibrated flow-limiting

orifice. The theoretical equilibration time (Too) Was calculated as 36 seconds, which -
is approximately 2% of the exposure duration.

The test animals were loaded into body-only plethysmographs which isolated the
animal’s head from its body via a latex dam. The plethysmographs were then
mounted onto the glass exposure chamber such that the animals received head-only
exposures to the test atmosphere.

Each animal was monitored by a differential air pressure transducer that converted
the tidal pressure changes produced by the animal’s breathing within the
plethysmograph into an electrical signal. The signals produced by the tidal pressure
changes (animal breathing patterns) were recorded on an eight-channel analog
oscillograph (Gould, Model RS 3800).

Each exposure group was monitored in the following sequence:

Pre-test: At least 10 minutes of room air to establish baseline rates.

Exposure: 30 minutes of test substance exposure.

Recovery: At least 10 minutes of room air to monitor return to pre-test
levels.

Animal Observations

Individual animal observations were performed before, during and after each
exposure.

Termination

All test animals were euthanized via asphyxiation with carbon dioxide after
completion of the exposure and discarded without further evaluation.
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Animal Response Evaluation

Animal respiratory rates and breathing patterns were determined from the
oscillographic record. The average pretest rate and the lowest representative rate
during exposure were determined for each animal in a group. The low rate was
divided by the pretest rate to obtain a "Percent of Pretest" value. The Percent of
Pretest value was subtracted from 100% to yield the animal response (Percent
Change in Rate). Individual animals in each group were evaluated first, then
averaged to determine the mean group response. The post-exposure (recovery) rates
were similarly evaluated to determine the recovery response - the percent return to
pretest rates.

Statistical Analysis

Statistical analyses included means and standard deviations for relevant study data.
(Snedecor and Cochran, 1989).

The mean group responses and exposure concentrations were entered into a
computerized least-squares analysis to determine the concentration of test material
required to reduce respiratory rate by 50% (RDsp), the 95% confidence limits, the
slope function of the plotted data, and the fit of the data from the experiment
(Snedecor and Cochran, 1989: Litchfield and Wilcoxon, 1949).

Records
The protocol, all raw data, the final report, computer generated listings of raw data,
and supporting documentation are maintained on file in the EMBSI archives. Raw

data for the analytical samples will be mairntained in the Industrial Hygiene
Laboratory files.
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RESULTS
EXPOSURE CONCENTRATIONS:

Tables 1-13 present summaries of the analytical data. Appendix A presents the analytical
methods and summaries of the individual hydrocarbon analyses for selected samples.

JP-4 (MRD-00-629)

Four groups of male mice were exposed for 30 minutes to total analytical concentrations of
11430, 1888, 956, or 685 mg/m’. The exposure atmospheres for this test substance
(generated as a vapor) essentially contained no aerosol except at the highest concentration
(11430 mg/m3). A small amount of aerosol was found at this level (82 mg/m3) although it
represented less than 1% of the total concentration.

A particle size sample was taken during the exposure at the highest level (11430 mg/m3)
however there was insufficient aerosol present to accurately calculate a particle size

distribution.
JP-8 (MRD-00-630)

Four groups of male mice were exposed for 30 minutes to total analytical concentrations of
3565, 1837, 1090, or 681 mg/m3. The exposures for this test substance (generated as an
aerosol) were predominantly vapor although they included significant amounts of aerosol.
The proportion of aerosol ranged from 3% at 681 mg/m° to 35% at 3613 mg/m3. There was
a clear difference in the distribution and relative proportions of individual hydrocarbon
species contained in the aerosol and vapor phases, with the lighter molecular weight
hydrocarbons more abundant in the vapor samples (see Appendix A for individual
hydrocarbon analyses and chromatograms).

A fifth group of mice was exposed to a vapor-generated atmosphere (708 mg/m3) at a level
similar to the lowest aerosol-generated group (681 mg/m’) in order to compare the animal
responses to these potentially different exposures. This group contained no detectable .

aerosol.

A particle size sample was taken during the exposure at the 1090 mg/m’ level. The results .
of this analysis showed a median aerodynamic particle size of 0.25 microns, with 99.7% of

the particles less than or equal to 10 microns and 84.7% less than or equal to 1.0 micron.

This demonstrates that the aerosol was highly respirable.

JP-8+100 (MRD-00-631)
Three groups of male mice were exposed for 30 minutes to total analytical concentrations of

2356, 1519, or 777 mg/m3. The exposures for this test substance also were predominantly
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vapor })hase with the proportion of aerosol ranging from 26% at 2356 mg/m’ to 4% at 777
mg/m’. The difference in the relative proportions of individual hydrocarbon species between
the aerosol and vapor phases was similar to JP-8, except there appeared to be an even higher
amount of lighter molecular weight hydrocarbons in the vapor samples (see Appendix A for
individual hydrocarbon analyses and chromatograms).

A particle size sample was taken during the exposure at the 2356 mg/m’level. The results
of this analysis showed a median aerodynamic particle size of 1.27 microns, with 99.9% of
the particles less than or equal to 10 microns and 36.5% less than or equal to 1.0 micron.
This demonstrates that the aerosol phase of JP-8+100 also was highly respirable.

ANIMAL RESPONSE DATA:

Tables 2-4 present summaries of the animal response data. Figures 3-9 present ‘graphs of the
individual and group mean respiratory rates.

JP-4 (MRD-00-629)

Group mean respiratory rates were decreased from baseline values 58%, 51%, 28%, and
11% at mean exposure concentrations of 11430, 1888, 956, and 685 mg/m’, respectlvely
Breathing patterns characteristic of sensory irritation were observed in all mice in the three
highest exposure concentrations; only 2 of the 4 mice in the lowest exposure group A
exhibited slight irritation (2 were normal). There was no evidence of narcosis or pulmonary
irritation at any level.

The mice in the two highest exposure groups (11430 and 1888 mg/m ) exhibited a
decreased recovery following exposure (61% and 82% of baseline values) compared to the
two lower exposure groups which returned to pre-exposure levels (103% at 956 mg/m’;

96% at 685 mg/m).

All mice in all four groups appeared normal at clinical observations performed prior to,
" during, and immediately after the exposures.

JP-8 (MRD-00-630)

Group mean respiratory rates were decreased from baseline values 50%, 46%, 38%, and
22% at mean exposure concentrations of 3565, 1837, 1090, or 681 mg/m’, respectively.
Breathing patterns characteristic of sensory irritation were observed in all mice in all groups.
There was no evidence of narcosis or pulmonary irritation at any level.

An additional group was exposed to JP-8 as a vapor-only atmosphere at 708 mg/m and

produced a similar response (28% decrease) compared to the aerosol-generated 681 mg/m’
group (22% decrease).

Page 19 of 64




162951: SENSORY IRRITATION STUDY IN MICE
MRD-00-629,630,631

The post-exposure recovery 1esponses were depressed in all five groups, with the amount of
depression proportional to the exposure concentration (75%, 77%, 86%, 93%, and 86% of
baseline values at 3565, 1837, 1090, 681, and 708 mg/m3, respectively). .

All mice in all five groups appeared normal at clinical observations performed prior to,
during, and immediately after the exposures.

JP-8+100 (MRD-00-631)

Group mean respiratory rates were decreased from baseline values 63%, 53%, or 18% at
mean exposure concentrations of 2356, 1519, or 777 mg/m’, respectively. Breathing
patterns characteristic of sensory irritation were observed in all mice in all groups. There
was no evidence of narcosis or pulmonary irritation at any level.

The mice in the two highest exposure groups (2356 and 1519 mg/m°) exhibited a decreased
recovery following exposure (59% and 68% of baseline values) compared to the lowest
exposure group (777 mg/m3) which returned to pre-exposure levels (103%).

All mice in all three groups appeared normal at clinical observations performed prior to,
during, and immediately after the exposures.

RDs, CALCULATIONS:
Figure 10 presents a graph of the exposure concentrations vs. respiratory rate decreases.

The exposure concentration of each test substance that would produce a 50% decrease in
respiratory rate (RDso) was calculated to be:

JP-4 - 4842 mg/m3, with 95% confidence limits of 2375 to 9873.

JP-8 - 2876 mg/m3, with 95% confidence limits of 2107 to 3925.

JP-8+100 - 1629 mg/m3, with 95% confidence limits of 1418 to 1871 .
Pagg 20 of 64
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CONCLUSIONS

Exposures to test atmospheres of each of the three test substances, JP-4 (MRD-00-629), JP-8
(MRD-00-630) and JP-8+100 (MRD-00-631) produced breathing patterns characteristic of
upper airway sensory irritation in mice. Within the context and limits of this study,
examination of the breathing patterns revealed no apparent pulmonary (deep lung) irritation
or narcosis at any level for all three substances.

The exposures were generated as vapor-only (JP-4) or mixed vapor/aerosol atmospheres
(JP-8 and JP-8+100). Each substance was tested over a range of air concentrations that
resulted in minimal to extreme respiratory rate decreases (>50% decrease). The calculated
RDs, values showed a relative irritancy ranking of JP-8+100 > JP-8 > JP-4.

Analytical sampling data demonstrated clear differences in the distribution and relative
proportions of individual hydrocarbon species contained in the aerosol and vapor phases.
As expected, there were differences among the three test substances with JP-4 exhibiting a
range of lower molecular weight hydrocarbons compared to JP-8 or JP-8+100. Within the
mixed vapor/aerosol atmospheres of JP-8 and JP-8+100, the vapor phase samples showed a
greater abundance of lighter hydrocarbons compared to the aerosol phase samples. The on-
line vapor and aerosol monitors demonstrated that the test atmospheres for all groups were
stable throughout the exposure periods.

PROTOCOL EXCEPTIONS

On six occasions the animal room temperature or humidity was outside of the ranges
specified in the protocol. These slight and transient deviations should not have affected the
quality or integrity of the data.
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162951: SENSORY IRRITATION STUDY IN MICE

MRD-00-629,630,631

FIGURE 1A - CHROMATOGRAM FOR NEAT SUBSTANCE
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162951: SENSORY IRRITATION STUDY IN MICE

MRD-00-629,630,631

FIGURE 3A - CHROMATOGRAM FOR NEAT SUBSTANCE
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